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8QGHUVWDQGLQJWKHGULYHUVDQGOLPLWVRIVSHFLHVUDGLDWLRQVLVDFUXFLDOJRDORI
HYROXWLRQDU\JHQHWLFVDQGPROHFXODUHFRORJ\\HWUHVHDUFKRQWKLVWRSLFKDVEHHQ
KDPSHUHGE\WKHQRWRULRXVGLIILFXOW\RIFRQQHFWLQJPLFURDQGPDFURHYROXWLRQDU\
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SURDFKHVWRVWXG\LQJWKHGULYHUVRIGLYHUVLILFDWLRQ7RFKDUWWKHFXUUHQWUHVHDUFK
JDSVRSSRUWXQLWLHVDQGFKDOOHQJHVRIPROHFXODUHFRORJ\DSSURDFKHVWRVWXG\LQJ
UDGLDWLRQVZHH[DPLQHWKHOLWHUDWXUHLQWKHMRXUQDO02/(&8/$5(&2/2*<DQGUHYLVLW
UHFHQWKLJKSURILOHH[DPSOHVRIHYROXWLRQDU\JHQRPLFUHVHDUFKRQUDGLDWLRQV:HILQG
WDYDLODEOHVWXGLHVRIUDGLDWLRQVDUHKLJKO\XQHYHQO\GLVWULEXWHGDPRQJWD[DZLWK
PDQ\HFRORJLFDOO\LPSRUWDQWDQGVSHFLHVULFKRUJDQLVPDOJURXSVUHPDLQLQJVHYHUHO\
XQGHUVWXGLHGLQFOXGLQJDUWKURSRGVSODQWVDQGIXQJL0RVWVWXGLHVHPSOR\HG
PROHFXODUPHWKRGVVXLWDEOHRYHUHLWKHUVKRUWRUORQJHYROXWLRQDU\WLPHVFDOHVVXFK
DVPLFURVDWHOOLWHVRU5HVWULFWLRQVLWH$VVRFLDWHG'1$VHTXHQFLQJ5$'VHTLQWKH
IRUPHUFDVHDQGFRQYHQWLRQDODPSOLFRQVHTXHQFLQJRIRUJDQHOODU'1$LQWKHODWWHU
7KHSRWHQWLDORIPROHFXODUHFRORJ\VWXGLHVWRDGGUHVVDQGUHVROYHSDWWHUQVDQG
SURFHVVHVDURXQGWKHVSHFLHVOHYHOLQUDGLDWLQJJURXSVRIWD[DLVFXUUHQWO\OLPLWHG
SULPDULO\E\VDPSOHVL]HDQGDGHDUWKRILQIRUPDWLRQRQUDGLDWLQJQXFOHDUJHQRPHVDV
RSSRVHGWRRUJDQHOODURQHV%DVHGRQRXUOLWHUDWXUHVXUYH\DQGSHUVRQDOH[SHULHQFH
ZHVXJJHVWSRVVLEOHZD\VIRUZDUGLQWKHFRPLQJ\HDUV:HWRXFKRQWKHSRWHQWLDODQG
UUHQWOLPLWDWLRQVRIZKROHJHQRPHVHTXHQFLQJ:*6LQVWXGLHVRIUDGLDWLRQV:H
VXJJHVWWKDW:*6DQGtargeted (‘capture’) resequencing emerge as the methodVRI
FKRLFHIRUVFDOLQJXSWKHVDPSOLQJRISRSXODWLRQVVSHFLHVDQGJHQRPHVLQFOXGLQJ
FXUUHQWO\XQGHUVWXGLHGRUJDQLVPDOJURXSVDQGWKHJHQHVRUUHJXODWRU\HOHPHQWV
H[SHFWHGWRPDWWHUPRVWWRVSHFLHVUDGLDWLRQV
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8QGHUVWDQGLQJWKHRULJLQDQGmaintenance of biological diversity has long been the ‘holy 
grail’ of molecular ecology and evolutionary biology0DQ\DVSLULQJELRORJLVWVVWDUWLQJWRGHDO
ZLWKWKHVHLPSRUWDQWWRSLFVZLOOILQGWKDWWKHOLWHUDWXUHLVODUJHO\GLYLGHGLQWRWZRUDWKHU
FRQWUDVWLQJZRUOGVRIDSSURDFKHVFKDPSLRQHGE\GLIIHUHQWFRPPXQLWLHVRIUHVHDUFKHUV2Q
WKHRQHKDQGPDFURHYROXWLRQDU\DSSURDFKHVEDVHGRQWKHWRROVRISK\ORJHQHWLFVDQG
FRPSDUDWLYHELRORJ\KDYHEHHQH[WUHPHO\KHOSIXOIRUJDLQLQJDUHWURVSHFWLYHXQGHUVWDQGLQJ
RIVSDWLDOSDWWHUQVDQGHFRORJLFDOFRUUHODWHVRIVSHFLHVGLYHUVLILFDWLRQRYHUORQJWLPHVFDOHV
%DUUDFORXJK	9RJOHU/LQGHU&DYHQGHU%DUHVet al..R]DN	:LHQV
2QWKHRWKHUKDQGPLFURHYROXWLRQDU\DSSURDFKHVEDVHGRQWKHDQDO\WLFDOWRROVRI
SRSXODWLRQJHQHWLFVKDYHSURYHQWREHKLJKO\XVHIXOIRUXQGHUVWDQGLQJWKHDFWXDO
mechanisms acting during population divergence and speciation ‘in realtime’, as exemplified 
E\UDSLGUHFHQWSURJUHVVLQWKHILHOGRIVSHFLDWLRQJHQRPLFV6PDGMD	%XWOLQ7KH
ULH&XULH63(&,$7,21QHWZRUN)HGHUet al.1RVLO6HHKDXVHQet al.
2QO\UHFHQWO\FRQQHFWLQJWKHVHWZRFRQFHSWXDOZRUOGVZLWKLQRQHVLQJOHFRQYLQFLQJ
VWXG\RUUHVHDUFKSURJUDPKDVFRPHWUXO\ZLWKLQUHDFKIRUPDQ\JURXSVRIWD[DWKDQNV
PDLQO\WRWKHDYDLODELOLW\RIKLJKWKURXJKSXWJHQRPLFWHFKQRORJLHVDQGDQDO\WLFDOWRROVIRU
DQDO\]LQJWKHVHQRYHOW\SHVRIGDWDDFURVVWKHUHOHYDQWWD[RQRPLFVSDWLDOWHPSRUDODQG
KLHUDUFKLFDORUJDQLVPDOVFDOHV7KH+HOLFRQLXV*HQRPH&RQVRUWLXP%UDZDQGet al.
/DPLFKKDQH\et al.&KDUOHVZRUWK	&KDUOHVZRUWK1RYLNRYDet al.
7KHZLGHVSUHDGGLVFRQQHFWLRQEHWZHHQUHVHDUFKDWWKHPLFURDQGPDFURVFDOHVRI
HYROXWLRQLQPRVWRUJDQLVPDOJURXSVLVSDUWLFXODUO\SUREOHPDWLFLQWKHFRQWH[WRIHYROXWLRQDU\
UDGLDWLRQVWKDWLVEXUVWVRIVSHFLDWLRQW\SLFDOO\DVVRFLDWHGZLWKXQXVXDOO\KLJKGLYHUVLILFDWLRQ
UDWHV5XQGHOO	3ULFHRUSKUDVHGGLIIHUHQWO\WKH“GUDPDWLFSUROLIHUDWLRQRIWD[DLQD
FODGH” (6LP}HVet al.6LQFHUDGLDWLRQVUHJDUGOHVVZKHWKHULQLWLDWHGWKURXJKDGDSWLYH
RUQRQDGDSWLYHFDXVHVDUHWKHVRXUFHRIPRVWELRGLYHUVLW\RQ(DUWK6FKOXWHU5XQGHOO
	3ULFHXQGHUVWDQGLQJWKHPROHFXODUDQGSRSXODWLRQJHQHWLFPHFKDQLVPVWKDWGULYHRU
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FRQVWUDLQUDGLDWLRQVLVQRGRXEWDQH[WUHPHO\ZRUWKZKLOHJRDO$SDUWLFXODUO\KRWO\GHEDWHG
SURFHVVLQWKLVFRQWH[WLVDGDSWLYHUDGLDWLRQLHUDGLDWLRQUHVXOWLQJIURPQDWXUDOVHOHFWLRQ
YLQJGLYHUJHQFHRIDQDQFHVWUDOVSHFLHVLQWRGDXJKWHUVSHFLHVWKDWDUHEHWWHUDEOHWR
H[SORLWRSHQQLFKHV*ORURIWHQLQWKHIDFHRIJHQHIORZIURPWKHLUSURJHQLWRUV
6FKOXWHU*DYULOHWVet al.,WLVFOHDUWKDWWKHRXWFRPHRIWKLVHQLJPDWLFSURFHVV
GHSHQGVWURQJO\RQthe interplay of the “big four”LQSRSXODWLRQJHQHWLFVPXWDWLRQ
VHOHFWLRQPLJUDWLRQJHQHIORZDQGGULIW<HWPRVWFXUUHQWO\DYDLODEOHNQRZOHGJHRI
UDGLDWLRQVLQFOXGLQJDGDSWLYHUDGLDWLRQVVWHPVIURPPDFURHYROXWLRQDU\VWXGLHV
%DUUDFORXJK	9RJOHU/LQGHU-DEORQVNL&DYHQGHU%DUHVet al.*ORU
.R]DN	:LHQVZKLFKWHQGWREHFRUUHODWLYHE\QDWXUHDQGWKXVOLPLWHGLQ
QWLI\LQJWKHSUHFLVHPROHFXODUDQGSRSXODWLRQJHQHWLFPHFKDQLVPVUHVSRQVLEOHIRUWKH
GLYHUVLILFDWLRQSURFHVV0ROHFXODUHFRORJ\DSSURDFKHVEDVHGRQQDWXUDOJHQHWLFYDULDWLRQ
SUHVHQWZLWKLQDQGEHWZHHQGLYHUJLQJSRSXODWLRQV–EDVHGILUPO\RQWKHFRQFHSWVRI
SRSXODWLRQJHQHWLFV–KROGJUHDWSURPLVHIRUWDFNOLQJWKLVWDVNDQGLGHQWLI\LQJWKH
PHFKDQLVPVDQGGULYHUVRIVSHFLHVUDGLDWLRQV7KLVEHFRPHVFOHDUIURPDULFKERG\RI
FRQFHSWXDOOLWHUDWXUHHJ6HHKDXVHQ*DYULOHWV	9RVH*LYQLVK$EERWWet
al.$UQROG&KDUOHVZRUWK	&KDUOHVZRUWKLQFOXGLQJVWXGLHVRIWKHVRFDOOHG
VSHFLDWLRQFRQWLQXXP)HGHUet al.1RVLODQGIURPLQVSHFWLQJWKHUDSLGO\
JURZLQJWRROER[RISRSXODWLRQJHQRPLFV1LHOVHQ(OOHJUHQ
7KHDXWKRUVRIWKHSUHVHQWSDSHUIRUPSDUWRIDWUDQVGLVFLSOLQDU\UHVHDUFKSURMHFW
DLPHGDWXQGHUVWDQGLQJWKHGULYHUVDQGOLPLWVRIVSHFLHVUDGLDWLRQVXVLQJWKHWRROVRI
HFRORJ\SK\ORJHQHWLFVDQGSRSXODWLRQJHQHWLFV:KLOHGHYHORSLQJDQGLPSOHPHQWLQJWKLV
UHVHDUFKZHQRWLFHGWKHUHODWLYHIHDVLELOLW\RILQWHJUDWLQJHFRORJ\DQGSK\ORJHQHWLFVIRU
GUHVVLQJPDFURHYROXWLRQDU\SDWWHUQVRIUDGLDWLRQVQRWZLWKVWDQGLQJSRWHQWLDOLVVXHVZLWK
YLRODWLQJVLPSOLI\LQJDVVXPSWLRQVZKHQDSSO\LQJHFRORJLFDOSULQFLSOHVWRFRPSDUDWLYH
PHWKRGV(PHUVRQ	*LOOHVSLH7KHZHOOGHYHORSHGIUDPHZRUNIRULQWHJUDWLQJHFRORJ\
GSK\ORJHQHWLFVVWDQGVLQFRQWUDVWZLWKWKHSHUFHLYHGSUDFWLFDODQGFRQFHSWXDOFKDOOHQJHV
RIILUPO\LQWHJUDWLQJSRSXODWLRQJHQHWLFVLQWRWKLVUHVHDUFKWRSLQSRLQWWKHPHFKDQLVPV
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GULYHUVDQGFRQVWUDLQWVRIWKHHYROXWLRQDU\SURFHVV,QRXUFDVHWKHFKDOOHQJHVSRVHGE\
SRSXODWLRQJHQHWLFVZHUHPDQLIROGDQGUDQJHGIURPSUDFWLFDOLVVXHVVXFKDVWKHQHHGWR
VDPSOHVXIILFLHQWQXPEHUVRILQGLYLGXDOVIURPPDQ\SRSXODWLRQVDQGVSHFLHVRIWHQXQGHU
GLIILFXOWILHOGFRQGLWLRQVHJQHRWURSLFDOUDLQIRUHVWVWRVHOHFWLQJHIILFLHQWJHQRPLFDQG
DQDO\WLFDOWRROVIRUFDSWXULQJFKDQJHVLQDOOHOLFIUHTXHQFLHVIRUPDQ\SRSXODWLRQVDQG
VSHFLHVLQFOXGLQJWKRVHJHQRPHUHJLRQVH[SHFWHGWRPDWWHUPRVWWRWKHHYROXWLRQDU\
SURFHVV1XPHURXVLQWHUDFWLRQVDWUHFHQWVFLHQWLILFPHHWLQJVDQGFRQIHUHQFHVVXJJHVWWRXV
WKDWPDQ\PRVWUHVHDUFKHUVDQGVWXGHQWVRIVSHFLHVUDGLDWLRQVDUHFRQIURQWHGZLWKVLPLODU
FKDOOHQJHVDQGHYHQUHFHQWKLJKprofile studies of classical ‘model radiations’ are clearly 
HFWHGE\WUDGHRIIVEHWZHHQVDPSOLQJSRSXODWLRQVVSHFLHVDQGJHQRPHVHJ7KH
OLFRQLXV*HQRPH&RQVRUWLXP%UDZDQGet al./DPLFKKDQH\et al.
1RYLNRYDet al.:HZHUHWKXVPRWLYDWHGWRH[SORUHUHFHQWSURJUHVVLQPROHFXODU
HFRORJ\DQGSRSXODWLRQJHQHWLFDSSURDFKHVWRVWXG\LQJVSHFLHVUDGLDWLRQVLQRQHRIWKH
OHDGLQJVXEMHFWMRXUQDOV02/(&8/$5(&2/2*<2XUJRDOZDVWRVNHWFKFXUUHQWUHVHDUFK
JDSVLQPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQVDQGWRFRPHXSZLWKSUDFWLFDOVXJJHVWLRQVIRU
IXWXUHUHVHDUFK2XUKRSHZDVWRKHOSHQDEOHDVSLULQJUHVHDUFKHUVWRVXFFHVVIXOO\QHJRWLDWH
WKHWUDGHRIIVDULVLQJIURPVDPSOLQJODUJHQXPEHUVRISRSXODWLRQVVSHFLHVDQGJHQRPHVLQ
UDGLDWLQJWD[D
7RIDFLOLWDWHWKHSUHVHQWFRQWULEXWLRQZHILUVWH[DPLQHGWKHOLWHUDWXUHRQVSHFLHV
UDGLDWLRQVLQ02/(&8/$5(&2/2*<FRYHULQJD\HDUSHULRGXVLQJDVWULQJHQWVHWRIVHDUFK
WHUPVZLWKWKHJRDORI\LHOGLQJDPDQDJHDEOHFRUHVHWRIDUWLFOHVHPSOR\LQJPROHFXODU
HFRORJ\DSSURDFKHVIRUVWXG\LQJUDGLDWLRQV:HWKHQFURVVWDEXODWHGDUDQJHRIELRORJLFDO
GWHFKQLFDODWWULEXWHVRIWKHUHYLHZHGVWXGLHV:HSODFHGSDUWLFXODUHPSKDVLVRQWKH
JHRJUDSKLFDQGWD[RQRPLFGLVWULEXWLRQRIDYDLODEOHVWXGLHVDQGWKHGLIIHUHQWW\SHVRI
PROHFXODUJHQHWLFWRROVXVHG:HDOVRH[DPLQHGWKHHIIHFWVRIVDPSOLQJGLIIHUHQWQXPEHUVRI
LQGLYLGXDOVSRSXODWLRQVDQGVSHFLHVIURPUDGLDWLQJFODGHVDQGGLIIHUHQWQXPEHUVRI
SRO\PRUSKLVPIURPWKHLUJHQRPHV:HXVHGWKHUHVXOWVWRVNHWFKFXUUHQWUHVHDUFKJDSV
RSSRUWXQLWLHVDQGFKDOOHQJHVLQPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQV:HGLGQRWSODFH
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HPSKDVLVRQWKHRUHWLFDOTXHVWLRQVDWWKHLQWHUIDFHRIJHQRW\SHSKHQRW\SHDQGILWQHVV
GXULQJVSHFLHVGLYHUVLILFDWLRQDVWKHVHLVVXHVKDYHEHHQGHDOWZLWKHOVHZKHUHHJ6DODPLQ
et al.6PDGMD	%XWOLQ7KH0DULH&XULH63(&,$7,21QHWZRUN6LP}HVet
al. .RVWLNRYDet al.:HFORVHE\VXJJHVWLQJSULRULWLHVIRUIXWXUHUHVHDUFKZLWK
VSHFLDOHPSKDVLVRQWKHH[FLWLQJRSSRUWXQLWLHVSURYLGHGE\QRYHOWRROVQRZDYDLODEOHWR
PROHFXODUHFRORJLVWVDURXQGWKHZRUOG
0ROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQV–WKHODVW\HDUV
:HFDUULHGRXWDWDUJHWHGUHYLHZRIVWXGLHVRQVSHFLHVUDGLDWLRQVSXEOLVKHGLQ02/(&8/$5
(&2/2*<E\DFFHVVLQJ:HERI6FLHQFHLQ'HFHPEHUXVLQJWKHVHDUFKWHUPV
‘radiation’, ‘speciation’ and ‘population’. We dRXEOHFKHFNHGZLWK*RRJOH6FKRODUWKDWQR
UHOHYDQWVWXGLHVKDGEHHQRYHUORRNHG$IWHUILOWHULQJWKHUHVXOWVWRLQFOXGHSULPDU\OLWHUDWXUH
RQO\H[FOXGLQJUHYLHZDQGSHUVSHFWLYHDUWLFOHVRXUVHDUFK\LHOGHGVWXGLHVSXEOLVKHG
EHWZHHQDQG7DEOH7DEOH6DOOOLVWHGLQUHIHUHQFHVHFWLRQRIWKLVSDSHU
2XUWLPHSRLQWVIRUDFFHVVLQJWKHOLWHUDWXUHDQGIRUDQDO\]LQJDQGVXPPDUL]LQJWKHUHVXOWV
GHSHQGHGRQWKHZRUNIORZRIRQJRLQJUHVHDUFKSURMHFWVLQRXUODEVSDUWLFXODUO\UHOHYDQW
GLHVSXEOLVKHGPRUHUHFHQWO\DUHGLVFXVVHGKHUHDVZHOOZKHQHYHUDSSURSULDWH
7KHUHYLHZHGVWXGLHVLQFOXGHQXPHURXVQRWHZRUWK\FRQWULEXWLRQVWKDWDUHOLNHO\WR
LPSDFWRQIXWXUHPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQV7KH\DGGUHVVVRPHRIWKHPRVW
KRWO\GHEDWHGHYROXWLRQDU\UDGLDWLRQVLQDQLPDOVDQGSODQWVLQFOXGLQJFLFKOLGVHJ
6FKOLHZHQet al.$OEHUWVRQet al.&RORPERet al..HOOHUet al.
0DQRXVDNLet al.)RUGet al.VWLFNOHEDFNV*RZet al.%HUQHUet al.
'HDJOHet al.)HXOQHUet al.AnolisOL]]DUGV*ORUet al.1J	*ORU
0XQR]et al.HeliconiusEXWWHUIOLHV1DGHDXet al.'DUZLQVILQFKHV3HWUHQet
al. SODQWVRIWKH+DZDLLDQVLOYHUVZRUGDOOLDQFH/DZWRQ5DXKet al.RDNWUHHV
&DYHQGHU%DUHVet al.DQGEURPHOLDGV3DOPD6LOYDet al.'XHWRWKHWDUJHWHG
QDWXUHRIRXUVHDUFKDQGWKHVSHFLILFVHDUFKWHUPVXVHGRXUOLWHUDWXUHUHYLHZLVFHUWDLQO\QRW
H[KDXVWLYH1HYHUWKHOHVVLWVKRXOGEHEURDGO\UHSUHVHQWDWLYHRIDYDLODEOHPROHFXODUHFRORJ\
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DQGHYROXWLRQDU\JHQRPLFVWXGLHVRIVSHFLHVUDGLDWLRQVLQDQLPDOVDQGSODQWV0DQ\RWKHU
LQWHUHVWLQJVWXGLHVRQRWKHUJURXSVPD\EHLGHQWLILHGE\EURDGHQLQJWKHVHDUFKWRLQFOXGH
DOVRWD[RQRPLFDOO\IRFXVHGMRXUQDOVZKLFKFRXOGEHDZRUWKZKLOHHQWHUSULVHIRUIXWXUHZRUN
2XUJUDSKLFDOVXPPDU\RIUHYLHZHGVWXGLHV)LJUHYHDOVDQXSZDUGWUHQGLQ\HDUO\
QXPEHUVRIPROHFXODUHFRORJ\VWXGLHVRIVSHFLHVUDGLDWLRQVRYHUWKHODVW\HDUV,Q
SDUWLFXODUDUDSLGLQFUHDVHLQVWXGLHVVLWXDWHGZLWKLQZRUOGELRGLYHUVLW\KRWVSRWVEHFRPHV
apparent from the early 2000’s onwards ()LJFRLQFLGLQJURXJKO\ZLWKWKHSXEOLFDWLRQRI
PDMRUV\QWKHWLFZRUNRQWKHUROHRIELRGLYHUVLW\KRWVSRWVLQVHWWLQJZRUOGZLGHFRQVHUYDWLRQ
SULRULWLHV0\HUVet al.2XUUHYLHZGDWDEDVHDOVRDOORZHGFURVVWDEXODWLRQRIWKH
UHYLHZHGDUWLFOHVZLWKWD[RQRPLFJURXSVELRJHRJUDSKLFIHDWXUHVDQGPROHFXODUPHWKRGV
FRYHUHGE\HDFKVWXG\7DEOH63HUKDSVPRVWFRQVSLFXRXVO\WKHGLVWULEXWLRQRIVWXGLHV
ZDVKLJKO\XQHTXDODFURVVWD[RQRPLFJURXSV)LJ&KLVTXDUHWHVWS6WXGLHV
IRFXVLQJRQILVKHVZHUHJUHDWO\RYHUUHSUHVHQWHGZKHUHDVVHYHUDORWKHUJURXSVRIRUJDQLVPV
UHJURVVO\XQGHUUHSUHVHQWHGLQFOXGLQJSODQWVDUWKURSRGVDQGIXQJL)LJ7KLVDWWHVWV
WRWKHLPSRUWDQWUROHRIILVKPRGHOV\VWHPVHJFLFKOLGVDQGVWLFNOHEDFNVLQLQVSLULQJDQG
GULYLQJSURJUHVVLQPROHFXODUHFRORJ\SRSXODWLRQJHQHWLFUHVHDUFKRQVSHFLHVUDGLDWLRQV
DQGLWSRLQWVWRWKHQHHGIRUIXUWKHUZRUNLQFOXGLQJDOVRRWKHUVSHFLHVULFKDQGHFRORJLFDOO\
LPSRUWDQWRUJDQLVPDOJURXSV7KHUHYLHZHGVWXGLHVZHUHDOVRXQHTXDOO\GLVWULEXWHGDPRQJ
ELRJHRJUDSKLFUHJLRQVSZLWKDVWURQJUHSUHVHQWDWLRQRIUHVHDUFKLQWKHWURSLFV
GLHVIROORZHGE\WHPSHUDWHUHJLRQVVWXGLHVDQGUHJLRQVZLWK0HGLWHUUDQHDQ
PDWHVVWXGLHV7DEOH7DEOH67KLVDOOPDNHVVHQVHDVLWLQGLFDWHVPROHFXODU
HFRORJLVWVIRFXVHGWKHLUUHVHDUFKRQUHJLRQVZLWKWKHKLJKHVWVSHFLHVULFKQHVVWKHWURSLFV
UHJLRQVZLWKWUDGLWLRQDOO\VWURQJUHVHDUFKIXQGLQJDQGLQIUDVWUXFWXUHWHPSHUDWH(XURSHDQG
North America), and regions that “tick both boxes” (biodiversity hotspots with MeGLWHUUDQHDQ
FOLPDWHV
([DPLQDWLRQRIWKHPROHFXODUPDUNHUPHWKRGVXVHGLQHDFKVWXG\%R[LQGLFDWHG
WKDWPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQVFDUULHGRXWWKXVIDUUHOLHGRQRUJDQHOODUSODVWLG
DQGPLWRFKRQGULDO'1$VHTXHQFHVPLFURVDWHOOLWHPDUNHUVDQG6DQJHUVHTXHQFHGQXFOHDU
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JHQHVRUJHQRPHUHJLRQVDQGVWXGLHVUHVSHFWLYHO\7DEOH7DEOH67KH
SUHSRQGHUDQFHRIRUJDQHOODUVWXGLHVZDVH[SHFWHGJLYHQWKDWVHTXHQFLQJRIRUJDQHOODU'1$
UHJLRQVLVZLGHO\NQRZQDVWKHVLPSOHVWDSSURDFKIRUJDWKHULQJJHQHWLFGDWDRQPDQ\
VSHFLHVDQDGYDQWDJHWKDWLVDOVRDSSUHFLDWHGE\WKH'1$EDUFRGLQJFRPPXQLW\+HEHUWet
al.&ROOLQV	&UXLFNVKDQN,QWHUHVWLQJO\DVL]DEOHSURSRUWLRQRIDUWLFOHV
GLHVUHSUHVHQWLQJRIDOOUHYLHZHGSDSHUVDOUHDG\XVHG1*6JHQRW\SLQJPHWKRGV
VXFKDV5HVWULFWLRQVLWH$VVRFLDWHG'1$VHTXHQFLQJ5$'VHTRU*HQRW\SLQJE\
6HTXHQFLQJ*%6IRUVWXG\LQJUDGLDWLRQV7KLVLQGLFDWHVJUHDWSRWHQWLDOIRUPROHFXODU
HFRORJLVWVWRDGRSWVKRUWUHDGJHQRW\SLQJE\VHTXHQFLQJPHWKRGVIRUWKHLUUHVHDUFKRQ
LDWLRQVHVSHFLDOO\IRUUDGLDWLQJFRPSOH[HVRIFORVHO\UHODWHGVSHFLHVDQGVXEVSHFLILF
WD[DZKHUHde novoFOXVWHULQJRUUHIHUHQFHPDSSLQJRIVHTXHQFHUHDGVLVH[SHFWHGWREH
HDVLHVW%R[7KHVXFFHVVIXOLQWHJUDWLRQRI*%6DQG5$'VHTLQWRVWXGLHVRIUDGLDWLRQV
ZDVFOHDUO\IDFLOLWDWHGE\WKHGHYHORSPHQWRIXVHUIULHQGO\PHWKRGVIRUde novoFOXVWHULQJRI
VHTXHQFHUHDGVHJ&DWFKHQet al.DQGE\WKHDYDLODELOLW\RIJHQRPHDVVHPEOLHVIRU
UHIHUHQFHPDSSLQJDQGGHWHFWLQJ'1$SRO\PRUSKLVPVLQPRGHOUDGLDWLRQVRIWHQXVHGE\
HYROXWLRQDU\ELRORJLVWV7KH+HOLFRQLXV*HQRPH&RQVRUWLXP%UDZDQGet al.
&KULVWHet al.9DULNRYDet al.7KHUHLVFRQVLGHUDEOHSRWHQWLDOWRH[WHQGWKLVW\SH
RIUHVHDUFKWRSRO\SORLGVDQGWD[DZLWKYDULDWLRQLQSORLG\OHYHOSURYLGHGWKDWDSSURSULDWH
VWDWLVWLFDOWRROVDUHXVHGWRGHWHFWDQGDQDO\]HJHQHWLFORFLDQGDOOHOLFYDULDWLRQHJ$UQROG
et al.=RKUHQet al.$OWKRXJKSHUKDSVRIOHVVFRQFHUQLQDQLPDOVDQGIXQJL
YDULDWLRQLQSORLG\LVVLJQLILFDQWLQPDQ\SODQWOLQHDJHV6ROWLV	6ROWLV7KXV1*6
DSSURDFKHVWRVWXG\LQJSRO\SORLGJURXSVPD\H[SDQGRUHYHQFKDQJHRXUFRQFHSWVRI
VSHFLHVGLYHUVLW\UDGLDWLRQVDQGJOREDOSDWWHUQVRIGLYHUVLW\7KLVUHVHDUFKZLOOQRGRXEW
EHQHILWJUHDWO\IURPWKHFRQWLQXHGLPSURYHPHQWRIUHDGOHQJWKVLQKLJKWKURXJKSXW
VHTXHQFLQJWHFKQRORJLHVHJ3DF%LRRU2[IRUG1DQRSRUHZKLFKZLOODLGWKHLGHQWLILFDWLRQ
RIKRPRORJXHVDQGSDUDORJXHVDULVLQJIURPJHQRPHGRXEOLQJ

KW
WS

GR
F
UH
UR
F
K
$VRXWOLQHGHDUOLHUWKHWUDGHRIIEHWZHHQVDPSOLQJPDQ\LQGLYLGXDOVSRSXODWLRQV
DQGVSHFLHVIURPUDGLDWLQJFODGHVDQGVDPSOLQJPDQ\JHQHWLFPDUNHUVIURPWKHLUJHQRPHV
UHSUHVHQWVDPDMRUOLPLWDWLRQLQVWXGLHVRIUDGLDWLRQV6XIILFLHQWVDPSOLQJLVQHFHVVDU\WR
FRQILGHQWO\FDSWXUHWKHJHQRPLFYDULDWLRQSUHVHQWZLWKLQDQGDPRQJUDGLDWLQJWD[D6LPSO\
SXWWKLVLVLPSRUWDQWIRUDVVHVVLQJWKHLQIOXHQFHRISRSXODWLRQOHYHOSURFHVVHVRQPDFUR
ROXWLRQDU\SDWWHUQV7RSURYLGHDQLOOXVWUDWLYHH[DPSOHIDPLOLDUWRPRVWUHVHDUFKHUVGHDOLQJ
ZLWKGLYHUVLILFDWLRQDQGUDGLDWLRQPROHFXODUJHQHWLFGDWDFDQSRWHQWLDOO\FKDOOHQJHWKHa priori
WD[RQRPLFGHOLPLWDWLRQRIVSHFLHVWKHIXQGDPHQWDOELRORJLFDOXQLWVRILQYHVWLJDWLRQLQPRVW
GLHVRIUDGLDWLRQVDQGWKHDELOLW\WRGRVRZLOOGHSHQGRQVDPSOHVL]H:HZHUHWKXV
LQWHUHVWHGLQFRPSDULQJpriorQXPEHUVRIVSHFLHV a prioriVSHFLHVGHVLJQDWLRQVEDVHGRQ
WD[RQRPLFNQRZOHGJHWRposteriorQXPEHUVRIVSHFLHV DIWHUDSSO\LQJPROHFXODUPDUNHUV
DFURVVWKHUHYLHZHGVWXGLHV)LJ). Our assignment of ‘species’ in both cases followed the 
YHUGLFWVE\WKHDXWKRUVRIWKHUHYLHZHGVWXGLHVEDFNHGXSE\TXDQWLWDWLYHGDWDSUHVHQWHGLQ
UHYLHZHGSDSHUVZHDFNQRZOHGJHWKDWWKLVSURFHGXUHPD\EHDIIHFWHGE\SKLORVRSKLFDO
SUHGLVSRVLWLRQVRIHDFKVWXG\VDXWKRUVFRQFHUQLQJVSHFLHVGHOLPLWDWLRQ
:HIRXQGQXPHURXVGHSDUWXUHVIURPDSHUIHFWPDWFKEHWZHHQSULRUDQGSRVWHULRU
HFLHVQXPEHUV GHSDUWXUHVIURPWKHGLDJRQDOHVSHFLDOO\IRUVWXGLHVWKDWIRFXVHGDOOWKHLU
efforts on a small prior number of species (10) ()LJ7KHVHGHSDUWXUHVVXJJHVWWKDW
molecular ecologists either “lumped”VSHFLHVWKDWKDGEHHQK\SRWKHVL]HGWREHGLVWLQFWDWWKH
RXWVHWRIWKHLUVWXGLHVRUWKDWWKH\DOWHUQDWLYHO\GHWHFWHGQHZFU\SWLFWD[DEDVHGRQWKH
PROHFXODUJHQHWLFGDWD:HPRGHOOHGWKHGLIIHUHQFHEHWZHHQSULRUDQGSRVWHULRUVSHFLHV
QXPEHUVZLWKDUDQJHRIGLIIHUHQWSUHGLFWRUYDULDEOHVXVLQJJHQHUDOL]HGOLQHDUPL[HGHIIHFW
models (GLM’s), making use oIWKHJOPOPHDQG0X0LQSDFNDJHVLQ57DEOH6
)ROORZLQJLQLWLDOH[SORUDWRU\WULDOVLQFOXGLQJDOOSRVVLEOHSUHGLFWRUYDULDEOHVLQPRGHO
FRPSDULVRQVZHIRFXVHGRXUDQDO\VLVRQWKHHIIHFWVRIWKHW\SHRIJHQRPHVDPSOHG
QXFOHDUYVRUJDQHOODUH[WUDFWHGIURP7DEOH67KLVZDVMXVWLILHGEHFDXVHWKLVYDULDEOH
VKRZHGWKHKLJKHVWLPSRUWDQFHDPRQJDOOSUHGLFWRUYDULDEOHV7DEOH6:HDOVRH[DPLQHG
WKHHIIHFWRIVDPSOHVL]HH[SUHVVHGDVWKHQXPEHURISRSXODWLRQVSHUVSHFLHVQRSRSDQG
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QXPEHURILQGLYLGXDOVSHUSRSXODWLRQLQGBSHUBSRSDORQJZLWKWKHW\SHRIJHQRPHVDPSOHG
DVVDPSOHVL]HFDQVLJQLILFDQWO\LQIOXHQFHWKHDELOLW\WRGHWHFWVWDWLVWLFDOUHODWLRQVKLSV7KH
UHVXOWVUHYHDOHGDFRQVLVWHQWDQGVLJQLILFDQWHIIHFWRIWKHW\SHRIJHQRPHVDPSOHGZLWK
QXFOHDUJHQRPLFGDWDOHDGLQJWRWKHGHWHFWLRQRIPRUHVSHFLHVFRPSDUHGWRRUJDQHOODUGDWD
DORQH7DEOH6PRGHOVORSH SPRGHO$,& :LWKUHJDUGWRVDPSOHVL]H
QXPEHURISRSXODWLRQVOHGWRDGHFUHDVHLQWKHUHVLGXDOVXPRIVTXDUHVDQGVWURQJHUPRGHO
VXSSRUW7DEOH6FKLVTXDUHPRGHOaPRGHOUHVLGXDOGHYLDQFH S 
ǻAIC=:HQRWHWKDWRWKHUXQWHVWHGIDFWRUVPD\LQSULQFLSOHDOVRKDYHLQIOXHQFHGWKHVH
patterns, such as the size of “manageable” species complexes. For example, larger groups 
PD\DOUHDG\EHPD[LPDOO\VSOLWE\WD[RQRPLVWVZKHUHDVVPDOOHUJURXSVFRXOGSUHVHQWPRUH
uncertainty in species numbers with more room for “lumping” or “splitting”. Nevertheless, DQ
LPSRUWDQWUROHRIVDPSOHVL]HLVGLIILFXOWWRGLVSXWH7DEOH67DNHQWRJHWKHURXUUHVXOWV
VXJJHVWWKDWLQFUHDVLQJWKHQXPEHUVRISRSXODWLRQVVDPSOHGIRUHDFKVSHFLHVIDFLOLWDWHVWKH
GHWHFWLRQRIFU\SWLFWD[DLQPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQVEXWWKHFKRLFHEHWZHHQ
JHQRPLFYVRUJDQHOODU'1$LVIDUPRUHLPSRUWDQW7KLVFOHDUO\FDOOVIRUDQLQFUHDVHG
VDPSOLQJIURPQXFOHDUJHQRPHVWRIXOO\GRFXPHQWDQGXQGHUVWDQGVSHFLHVUDGLDWLRQV
5HFHQWDFKLHYHPHQWVDQGFXUUHQWUHVHDUFKFKDOOHQJHV
VSLWHUHFHQWJURXQGbreaking research on a small number of ‘model’ radiations in animals 
DQGSODQWVHJ7KH+HOLFRQLXV*HQRPH&RQVRUWLXP%UDZDQGet al.
/DPLFKKDQH\et al.1RYLNRYDet al.DQGWKHPDQ\LQWHUHVWLQJVWXGLHVDQDO\]HGLQ
WKHSUHVHQWFRQWULEXWLRQLWLVFOHDUWKDWPRVWVWXGHQWVDQGUHVHDUFKHUVRIUDGLDWLRQVLQQRQ
PRGHOJURXSVVWLOOIDFHFRQVLGHUDEOHFKDOOHQJHVSXWWLQJWRJHWKHUPLFURDQG
PDFURHYROXWLRQDU\DSSURDFKHVDQGGDWDWRREWDLQDPRUHFRPSOHWHSLFWXUHRIWKHGULYHUVDQG
OLPLWVRIUDGLDWLRQVDWDOOUHOHYDQWVSDWLDODQGWHPSRUDOVFDOHV7KLVDOUHDG\EHFRPHV
DSSDUHQWIURPWKHREVHUYDWLRQWKDWPRVWVWXGLHVUHYLHZHGKHUHXVHGHLWKHUDSRSXODWLRQ
JHQHWLFVDPSOLQJVWUDWHJ\YHU\IHZVSHFLHVPDQ\LQGLYLGXDOVSHUVSHFLHVRUDSK\ORJHQHWLF
VDPSOLQJVWUDWHJ\PDQ\VSHFLHVYHU\IHZLQGLYLGXDOVSHUVSHFLHV7KXVWKHQXPEHUVRI
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VSHFLHVVDPSOHGLQHDFKVWXG\DQGQXPEHUVRILQGLYLGXDOVVDPSOHGIRUHDFKSRSXODWLRQ
ZHUHQHJDWLYHO\FRUUHODWHG6SHDUPDQVUKR S+HQFHLQRXURSLQLRQRQO\
IHZRIWKHUHYLHZHGVWXGLHVPDQDJHGWRFRQYLQFLQJO\FURVVWKHPLFURPDFURGLYLGH7KLV
LQFOXGHVWKHVWXGLHVE\&DYHQGHU%DUHVet al.RQ$PHULFDQOLYHRDNVQuercusVSS
1DGHDXet al.RQHeliconiusEXWWHUIOLHVWKHFRPSDUDWLYHODQGVFDSHJHQHWLFVRI
'DUZLQVILQFKHVE\3HWUHQet al.VHYHUDORIWKHFLFKOLGSDSHUVDQG3UXQLHUet al.
RQWKHVRXWKHUQ$IULFDQSODQWUDGLDWLRQRI3URWHDV7KHODWWHUVWXG\SUHVHQWVDUDUH
WHVWIRUH[SORVLYHEXUVWVRIVSHFLDWLRQDVH[SHFWHGIRUHDUO\VWDJHVRIDGDSWLYHUDGLDWLRQ
*DYULOHWV	9RVHPDNLQJXVHRIKLHUDUFKLFDOYDULDQFHSDUWLWLRQLQJRIPROHFXODU
QHWLFPDUNHUGDWD
2YHUDOORXUWDUJHWHGUHYLHZRIPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQVLQRQHRIWKH
OHDGLQJVXEMHFWMRXUQDOVVXJJHVWVWKDWPXFKSURJUHVVKDVEHHQPDGHLQUHFHQW\HDUV
YHUDOVWXGLHVDFKLHYHGH[WHQVLYHVDPSOLQJRIQXFOHDUJHQRPHVDQGWUDQVFULSWRPHVXVLQJ
1*6DSSURDFKHVDQGFRPSDUHGWKHUHVXOWVWRSKHQRW\SLFGLYHUVLW\LQUDGLDWLQJWD[DWKXV
HDOLQJPRVDLFVRIDGDSWLYHSDUDOOHODQGQHXWUDOQRQSDUDOOHOSDWWHUQVRIHYROXWLRQHJ
.HOOHUet al.0DQRXVDNLet al.1DGHDXet al.6XFKPRVDLFSDWWHUQVKDYH
ORQJEHHQSUHGLFWHGIRUHFRORJLFDOVSHFLDWLRQDQGDGDSWLYHUDGLDWLRQLQWKHIDFHRIJHQHIORZ
*DYULOHWV	9RVH1RVLO6WXGLHVVXFKDVWKLVQRZVHWWKHVWDJHIRUIXWXUHZRUN
WRHOXFLGDWHWKHPHFKDQLVPVDQGGULYHUVRIUDGLDWLRQLQDPXFKJUHDWHUQXPEHURI
RORJLFDOO\LPSRUWDQWUDGLDWLRQVRIDQLPDOVSODQWVIXQJLDQGRWKHURUJDQLVPV)LJ
&OHDUO\IDUPRUHQXFOHDUJHQRPLFGDWDLQDGGLWLRQWRLQIRUPDWLRQRQRUJDQHOODUJHQRPHV
ZLOOEHQHFHVVDU\WRUHVROYHERWKSDWWHUQVDQGSURFHVVHVUHVSRQVLEOHIRUUDGLDWLRQVLQD
DQLQJIXOZD\,QIDFWXVLQJWKHVFDWWHUSORWLQ)LJDVDQLOOXVWUDWLYHH[DPSOHZH
HQFRXUDJHDVSLULQJVWXGHQWVDQGUHVHDUFKHUVVWXG\LQJUDGLDWLRQVWRIDFHWKHFKDOOHQJHRI
LQFUHDVLQJO\SXVKLQJWKHLUUHVHDUFKHIIRUWVIURPWKHORZHUOHIWWRZDUGVWKHXSSHUULJKWFRUQHU
RIWKHJUDSK7KLVLPSOLHVVDPSOLQJPRUHVSHFLHVZLWKVWURQJHUZLWKLQVSHFLHVVDPSOLQJ
HVSHFLDOO\PRUHSRSXODWLRQVRIHDFKVSHFLHVDQGPRUHHODERUDWHVDPSOLQJRIQXFOHDU
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JHQRPHV+RZFDQWKLVJRDOSRVVLEO\EHUHDFKHGDWUHDVRQDEOHHIIRUWDQGFRVW"%HORZZH
VXJJHVWSRVVLEOHZD\VIRUZDUGIRUWKHFRPLQJ\HDUVXVLQJDJUDSKLFDODSSURDFKWRVNHWFK
FXUUHQWFKDOOHQJHVDQGRSSRUWXQLWLHV)LJ), and drawing from the ‘toolbox’ now available to 
OHFXODUHFRORJLVWV%R[
2SSRUWXQLWLHVDQGSULRULWLHVIRUIXWXUHUHVHDUFK
,QRXUYLHZSRVVLEO\WKHJUHDWHVWRSSRUWXQLW\DQGSULRULW\IRUIXWXUHUHVHDUFKRQVSHFLHV
UDGLDWLRQVLQWKHFRPLQJ\HDUVZLOOUHVLGHLQVFDOLQJXSWKHVDPSOLQJDQGDQDO\VLVRI
SRSXODWLRQVVSHFLHVDQGJHQRPHVRIUDGLDWLQJWD[DDFURVVDOOUHOHYDQWHYROXWLRQDU\WLPH
VFDOHVLQRUGHUWREULGJHWKHWUDGLWLRQDOPLFURPDFURGLYLGHLQVWXGLHVRIUDGLDWLRQVDOOXGHG
WRLQWKHLQWURGXFWLRQRIWKLVSDSHU:HVNHWFKWKLVWDVNJUDSKLFDOO\LQ)LJ,WLVQRZZLGHO\
DFFHSWHGWKDWXQGHUVWDQGLQJWKHFDXVHVRIUDGLDWLRQVUHTXLUHVWKHLQGHSWKDQDO\VLVRI
HFRORJLFDODQGELRJHRJUDSKLFDOFRUUHODWHVRIGLYHUVLILFDWLRQDWWKHPDFURHYROXWLRQDU\VFDOH
%DUUDFORXJK	9RJOHU/LQGHU&DYHQGHU%DUHVet al..R]DN	:LHQV
7KLVLVUHDGLO\LOOXVWUDWHGE\UHVHDUFKRQQLFKHFRQVHUYDWLVPDQGQLFKHHYROXWLRQ
:LHQV	'RQRJKXH)LJ$VKRZVSK\ORJHQHWLFWUHHVDQGQHWZRUNVRIVSHFLHVDQG
VXEVSHFLILFWD[DIURPDK\SRWKHWLFDOUDGLDWLRQRIDQLPDOVRUSODQWV6LQFHWKHDXWKRUVRIWKLV
SHUVWXG\QHRWURSLFDOSODQWUDGLDWLRQVZHSLFNHGDQH[DPSOHRIWD[DUDGLDWLQJRQWKH
6RXWK$PHULFDQFRQWLQHQW7KHRUDQJHDQGJUHHQFLUFOHVDWWKHWLSVRIWKHWUHHVXSHULPSRVHG
RQWKHJHRJUDSKLFPDS)LJ$UHSUHVHQWGLVWLQFWHFRORJLFDOWUDLWVHJJUHHQWRRUDQJH
\LQGLFDWHDVKLIWWRWKHHSLSK\WLFJURZWKKDELWRUWRKXPPLQJELUGSROOLQDWLRQLQQHRWURSLFDO
SODQWVWKDWLVDNH\LQQRYDWLRQIDFLOLWDWLQJWKHLQYDVLRQRIDQHZDGDSWLYH]RQH*LYQLVK
:HQRWHWKDWWKHJUDSKUHSUHVHQWVDVLPSOLILFDWLRQDVWKHLQYDVLRQRIQHZQLFKHVRU
DSWLYH]RQHVZLOORIWHQEHIDFLOLWDWHGE\FKDQJHVLQPXOWLSOHWUDLWVUDWKHUWKDQDVLQJOHWUDLW
DORQH1HYHUWKHOHVVWKHJUDSKPD\VHUYHWRLOOXVWUDWHRXUSRLQWWKHRUDQJHWUDLWLV
VRFLDWHGZLWKPRUHUDSLGGLYHUVLILFDWLRQWKXVLWVDSSHDUDQFH–DQGQLFKHHYROXWLRQ
DVVRFLDWHGZLWKLW–PD\EHK\SRWKHVL]HGWREHFDXVDOO\OLQNHGWRUDSLGGLYHUVLILFDWLRQLQWKLV
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JURXS:LHQV	'RQRJKXH*LYQLVK6WLOOWHVWLQJFDXVDOLW\DQGWKHDFWXDO
HYROXWLRQDU\DQGPROHFXODUPHFKDQLVPVUHVSRQVLEOHUHTXLUHVDGGLWLRQDOUHVHDUFKEDVHGRQ
SRSXODWLRQJHQHWLFVJHQRPLFVDQGPROHFXODUELRORJ\
7KHLQVHWXQGHUWKHPDJQLI\LQJJODVVLQ)LJ$illustrates the population geneticist’s 
approach of “looking inside the tips of the tree” ofDUDGLDWLRQHJsensu&KDYHVet al.
DQGXQFRYHULQJNH\JHQHWLFSDWWHUQVDQGSURFHVVHVIRUUDGLDWLQJWD[DDWWKHVXEVSHFLILF
HOHJXVLQJWUHHRUQHWZRUNEDVHGDSSURDFKHV0ROHFXODUHFRORJLVWVJHQHUDOO\VHHNWR
VXSSRUWVXFKUHVXOWVE\TXDQWLWDWLYHGDWDRQWKHKLHUDUFKLFDOSDUWLWLRQLQJRIJHQRPLFYDULDWLRQ
DURXQGWKHVSHFLHVOHYHO+HUH\HOORZRUDQJHDQGUHGFLUFOHVLQGLFDWHORFDOO\DGDSWHG
SRSXODWLRQVRUHFRW\SHVZLWKGLIIHUHQFHVLQDGDSWLYHWUDLWVZLWKNQRZQRUXQNQRZQJHQHWLF
EDVLV3RSXODWLRQGLYHUJHQFHPD\EHGXHWRGULIWRUORFDOO\YDU\LQJVHOHFWLRQRQDGDSWLYH
WUDLWVDQGWKHODWWHUVFHQDULRLVGHSLFWHGKHUH$ZHOOGHYHORSHGIUDPHZRUNH[LVWVIRU
GHWHFWLQJWKHIRRWSULQWVRIVHOHFWLRQLQPROHFXODUSRSXODWLRQJHQHWLFRUTXDQWLWDWLYHWUDLWGDWD
&RQQHU	+DUWO1LHOVHQDQGUHDGHUVRIWKLVMRXUQDOZLOOEHZHOOIDPLOLDUZLWK
WKHVHFRQFHSWV:KDWPDWWHUVPRVWWRWKHSUHVHQWFRQWULEXWLRQ–DQGWRWKHIXWXUHRI
UHVHDUFKRQUDGLDWLRQVLQRXUYLHZ–LVWREUHDNGRZQWKHWUDGLWLRQDOEDUULHUVEHWZHHQWKH
PDFURDQGPLFURVFDOHVGHSLFWHGLQ)LJ$%HORZZHDUJXHWKDWWKLVLVQRZEHFRPLQJ
VLEOHLQPDQ\QRQPRGHOUDGLDWLRQVRIDQLPDOVDQGSODQWV:HSODFHSDUWLFXODUHPSKDVLV
RQSUDFWLFDODVSHFWVRIJDWKHULQJWKHQHFHVVDU\JHQRPLFGDWDUDWKHUWKDQWKHRUHWLFDORU
DQDO\WLFDOLVVXHVZKLFKKDYHEHHQGHDOWZLWKHOVHZKHUHDERYH
7RDSSUHFLDWHWKHFXUUHQWVWDWHRIWKHDUWRIPROHFXODUHFRORJ\UHVHDUFKRQ
HYROXWLRQDU\UDGLDWLRQVLWKHOSVWRUHPHPEHUWKDWWKHPRVWZLGHO\XVHGPROHFXODUWRROVXVHG
UHVHDUFKHUVVWXG\LQJUDGLDWLRQVWKXVIDU%R[DUHLQIRUPDWLYHDQGXVHIXOHLWKHUDWYHU\
VKRUWHYROXWLRQDU\WLPHVFDOHVLHZLWKLQDQGEHWZHHQFORVHO\UHODWHGVSHFLHVRUDWUDWKHU
ORQJHYROXWLRQDU\WLPHVFDOHVLHDFURVVPDQ\VSHFLHVRUKLJKHUOHYHOWD[D)LJ%
0LFURVDWHOOLWHVDQG5$'VHT*%6FOHDUO\IDOOZLWKLQWKHIRUPHUJURXSZKHUHDVVHTXHQFLQJ
RUJDQHOODUPDUNHUVJHQHUDOO\IDOOVZLWKLQWKHODWWHU%R[)LJ%SHUKDSVZLWKWKH
H[FHSWLRQRIV\QRQ\PRXVPXWDWLRQVLQPLWRFKRQGULDO'1$UHJLRQVXQGHUZHDNVHOHFWLYH
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FRQVWUDLQWV+HEHUWet al.$OOWKHVHDSSURDFKHVZLOOOLNHO\FRQWLQXHWREHXVHIXOIRU
VWXGLHVRIVSHFLILFDVSHFWVRIUDGLDWLRQVDQGWKHLUJHQHUDOSRWHQWLDOVDQGSLWIDOOVKDYHEHHQ
FXVVHGHOVHZKHUHHJ%DUEDUiet al.'DYH\et al./H[HUet al.(OOHJUHQ
6FKO|WWHUHUet al.1HYHUWKHOHVVWKHIXWXUHRIVWXGLHVRIUDGLDWLRQVFOHDUO\UHVLGHV
LQRWKHUDSSURDFKHVDEOHWRVSDQDODUJHUUDQJHRIHYROXWLRQDU\WLPHVFDOHV7KXVDVSLULQJ
VWXGHQWVDQGUHVHDUFKHUVPD\ZLVKWRJLYHSULRULW\WRWKHVHLIWKHJRDOLVWRXQGHUVWDQGWKH
PHFKDQLVPVXQGHUO\LQJGLYHUVLILFDWLRQDFURVVWKHPLFURPDFURGLYLGHWKDWLVDFURVVWKH
HQWLUHVHTXHQFHRIHYHQWVIURPSRSXODWLRQGLYHUJHQFHWRVSHFLDWLRQWRUDGLDWLRQ
:KROHJHQRPHVHTXHQFLQJ:*6RIUDGLDWLQJWD[DHPHUJHVDVSRWHQWLDOO\WKHPRVW
SRZHUIXODQGGHVLUDEOHDSSURDFKWRFRQQHFWUHVHDUFKRQPLFURDQGPDFURHYROXWLRQDU\
DVSHFWVRIUDGLDWLRQVZLWKLQRUEHWZHHQUHODWHGJHQHUD%R[)LJ%,QIDFWDJURZLQJ
QXPEHURIVWXGLHVGHPRQVWUDWHWKDWDSSO\LQJ:*6WRVWXGLHVRIVSHFLDWLRQDQGUDGLDWLRQLV
HQWLUHO\IHDVLEOHDVORQJDVDQDVVHPEOHGDQGDQQRWDWHGUHIHUHQFHJHQRPHDQGVXIILFLHQW
UHVRXUFHVDUHDYDLODEOH7KH+HOLFRQLXV*HQRPH&RQVRUWLXP%UDZDQGet al.
/DPLFKKDQH\et al.(OOHJUHQ&KULVWHet al.0F*HHet al.1RYLNRYDet
al.$OWKRXJKQRWFRYHUHGVSHFLILFDOO\LQRXUVWXG\:*6DSSURDFKHVDUHDOVRFHUWDLQO\
VLEOHLQVSHFLHVJURXSVRULJLQDWLQJIURPJHQRPHGRXEOLQJZLWKDYDLODEOHFDVHVWXGLHV
VSDQQLQJIURPUHFHQWDXWRSRO\SORLGV$UQROGet al.WRDOORSRO\SORLGVSURGXFWVRISDVW
K\EULGL]DWLRQHYHQWV=RKUHVet al.WRSDOHRSRO\SORLGVZLWKDQFLHQWWUDFHVRIZKROH
JHQRPHGXSOLFDWLRQVHJ&KULVWHet al.7KLVLVJRRGQHZVIRUVWXGHQWVRIRUJDQLVPDO
JURXSVLQZKLFKJHQRPHGRXEOLQJKDVHYLGHQWO\FRQWULEXWHGWRGLYHUVLILFDWLRQZKLFKLQFOXGHV
Q\IDPLOLHVRIIORZHULQJSODQWV6ROWLV	6ROWLV,QDOOWKHVHFRQWH[WVLWKHOSVWRNHHS
LQPLQGWKDWWKHKXPDQSRZHUFUHDWLYLW\DQGWLPHUHTXLUHGWRGHYHORSDQGYDOLGDWHWKH
QVWDQWO\LPSURYLQJELRLQIRUPDWLFVSLSHOLQHVQHHGHGWHQGVWREHDIDUPRUHOLPLWLQJUHVRXUFH
WKDQWKHPRQH\VSHQWRQWKHDFWXDOVHTXHQFLQJ,QRXUH[SHULHQFHWKLVIDFWLVVRPHWLPHV
VWLOOXQGHUDSSUHFLDWHGE\UHVHDUFKJURXSVORRNLQJWRYHQWXUHLQWRVHFRQGRUWKLUGJHQHUDWLRQ
VHTXHQFLQJDSSURDFKHVIRUVWXG\LQJUDGLDWLRQV*LYHQVXIILFLHQWZHOOWUDLQHGKXPDQSRZHU
IRUELRLQIRUPDWLFVDQGGRZQVWUHDPHYROXWLRQDU\JHQHWLFVZHSUHGLFWWKDW:*6ZLOOFRQWULEXWH
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JUHDWO\WRIXWXUHVWXGLHVRIUDGLDWLRQVDVPRUHDQQRWDWHGUHIHUHQFHJHQRPHDVVHPEOLHV
EHFRPHDYDLODEOHIRUQRQPRGHOJURXSVDQGDVVHTXHQFLQJWKURXJKSXWFRQWLQXHVWR
LQFUHDVHGUDPDWLFDOO\'DYH\et al.,QHIIHFWZHDQWLFLSDWHDVPRRWKWUDQVLWLRQ
EHWZHHQWKHORZFRYHUDJHJHQRPHVNLPPLQJDSSURDFKHVDOUHDG\ZLGHO\DSSOLHGLQ
V\VWHPDWLFELRORJ\6WUDXEet al.+ROOLQJVZRUWKet al.%R[DQGIXOOEORZQ
:*6DVVHTXHQFLQJFRVWVGHFUHDVHIXUWKHULQWKHFRPLQJ\HDUV7KXVEHJLQQLQJVWXGHQWV
DQGUHVHDUFKHUVLQWHUHVWHGLQVWXG\LQJUDGLDWLRQVRUDQ\RWKHUJHQHWLFDVSHFWRIELRGLYHUVLW\
DWWKHSUHVHQWWLPHDUHZHOODGYLVHGWRDFTXLUHYLWDOVNLOOVLQJHQRPHELRLQIRUPDWLFVHDUO\RQ
LQWKHLUFDUHHUVDORQJZLWKDILUPXQGHUVWDQGLQJRIHYROXWLRQDU\ELRORJ\DQGWKHDELOLW\WR
DQDO\]HJHQHWLFLQIRUPDWLRQMRLQWO\ZLWKH[WHQVLYHGDWDVHWVRQPXOWLYDULDWHSKHQRW\SHVQLFKH
VSDFHDQGILWQHVVODQGVFDSHV
$VDQDOWHUQDWLYHWR:*6WDUJHWHGUHVHTXHQFLQJRIVHOHFWHGJHQRPHUHJLRQV\LHOGV
PRUHPDQDJHDEOHGDWDVHWVIRUSRWHQWLDOO\PXFKODUJHUVDPSOHVL]HVZKLFKLVKLJKO\
GHVLUDEOHIRUVWXGLHVDLPLQJWRVSDQERWKPLFURDQGPDFURHYROXWLRQDU\VFDOHV7KXVZH
VSHFWWKDWPDQ\UHVHDUFKHUVVWXG\LQJUDGLDWLRQVZLOOZLVKWRWXUQWRWDUJHWHGUHVHTXHQFLQJ
DVDQDWWUDFWLYHDQGIHDVLEOHDOWHUQDWLYHWR:*67UDQVFULSWRPHVHTXHQFLQJ51$VHTKDV
DOVR\LHOGHGYDOXDEOHLQVLJKWVLQVWXGLHVRIHFRW\SHGLYHUJHQFHVSHFLDWLRQDQGUDGLDWLRQDV
H[HPSOLILHGE\WZRFLFKOLGSDSHUVDPRQJWKHUHYLHZHGVWXGLHV&RORPERet al.
0DQRXVDNLet al.1HYHUWKHOHVVGXHWRWKHGLIILFXOW\RIVDPSOLQJIUHVKPDWHULDOIRU
SURSHU51$FRQVHUYDWLRQDQGH[WUDFWLRQZHVXVSHFWWKDWIXWXUHVWXGLHVRIUDGLDWLRQVPD\
KWRHPSOR\51$VHTSULPDULO\DVDPDUNHUGLVFRYHU\WRROIRUVXEVHTXHQWH[RPHLH
SURWHLQFRGLQJ'1$FDSWXUH
Approaches for targeted resequencing (‘sequence capture’ from here onwardsKDYH
EHHQLQSODFHIRUVHYHUDO\HDUV%R[0DPDQRYDet al.0H\HU	.LUFKHU
6HTXHQFHFDSWXUHKDVEHHQDSSOLHGVXFFHVVIXOO\WRPXOWLVSHFLHVVHWWLQJVLQFOXGLQJ
LDWLRQV/HPPRQet al.1DGHDXet al.DQGFOHYHULQGH[LQJPXOWLSOH[LQJ
VWUDWHJLHVHQDEOHVWDQGDUGVHFRQGJHQHUDWLRQHJ,OOXPLQDVHTXHQFLQJRIWKRXVDQGVRI
VDPSOHV5RKODQG	5HLFK1RWDEO\VHTXHQFHFDSWXUHLVNQRZQWREHSUDFWLFDEOH
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HYHQIRUELRORJLFDOVDPSOHV\LHOGLQJRQO\PLQXWHDPRXQWVRI'1$HYHQLISDUWLDOO\GHJUDGHG
0DPDQRYDet al.0H\HU	.LUFKHU7KLVLVUHOHYDQWIRUWKHVWXG\of ‘recalcitrant’ 
QRQPRGHOVSHFLHVSRVLQJGLIILFXOWLHVGXULQJ'1$H[WUDFWLRQDQGHYHQPRUHVRIRUSURMHFWV
EDVHGRQELRORJLFDOPDWHULDOIURPKHUEDULDDQGPXVHXPFROOHFWLRQV%XHUNL	%DNHU
:HDQWLFLSDWHWKDWKHUEDULDDQGPXVHXPFROOHFWLRQVPRUHJHQHUDOO\ZLOOSOD\FUXFLDOUROHVLQ
IDFLOLWDWLQJUHVHDUFKRQEURDGVFDOHSDWWHUQVRIJHQRPLFGLYHUVLW\DQGGLYHUVLILFDWLRQJLYHQ
WKHLUULFKQHVVRISUHVHUYHGVSHFLPHQVWKDW\LHOGIUDJPHQWHG'1$VXLWDEOHIRU1*6
WHFKQLTXHV+HUEDULDDQGRWKHUFROOHFWLRQVWKXVKROGJUHDWSURPLVHIRUHQDEOLQJRUH[SDQGLQJ
QRPLFVWXGLHVRIVSHFLHVWKDWPD\EHUDUHDQGRUSURWHFWHGLQWKHZLOG
QFOXGLQJUHPDUNV
$PRQJFXUUHQWO\DYDLODEOHPROHFXODUHFRORJ\DSSURDFKHV%R[DQG)LJ%:*6DQG
VHTXHQFHFDSWXUHPD\EHEHVWVXLWHGIRUDGGUHVVLQJWKHFXUUHQWPDMRUUHVHDUFKJDSVDQG
FKDOOHQJHVIDFHGE\VWXGLHVRIVSHFLHVUDGLDWLRQVZKLFKFDQEHVXPPDUL]HGFRQFLVHO\DV
follows: (1) to tackle the many ‘nonmodel’ organismal groups currently uQGHUUHSUHVHQWHGLQ
GLHVRIUDGLDWLRQV)LJLQFOXGLQJWKRVHIRUZKLFKKLJKTXDOLW\WLVVXHVDPSOHVDUH
LFXOWWRFRPHE\RUVSHFLPHQVIURPKHUEDULDRUPXVHXPFROOHFWLRQV6XFKDQet al.
WRVFDOHXSWKHVDPSOLQJRISRSXODWLRQVDQGVSHFLHVLQRUGHUWRPRYHWKHILHOGIRUZDUG
from ‘speciation genomics’towards ‘evolutionary radiation genomics’, thus filling the sparsely 
SRSXODWHGXSSHUULJKWSRUWLRQRIVDPSOHVL]HVSDFHH[HPSOLILHGLQ)LJWRDFKLHYHPRUH
HODERUDWHDQGUHSUHVHQWDWLYHVDPSOLQJRIQXFOHDUJHQRPHVLQVWXGLHVRIUDGLDWLRQVWR
LQFUHDVLQJO\FDSWXUHWKRVHJHQHVDQGUHJXODWRU\HOHPHQWVWKDWPDWWHUPRVWWRWKH
HYROXWLRQDU\SURFHVVLQDGGLWLRQWRQHXWUDOO\HYROYLQJVHTXHQFHUHJLRQV7KHODVWJRDOFDQ
DFKLHYHGE\SLFNLQJthe ‘bait’ molecules used for target sequence capture to include sets 
RIFDQGLGDWHJHQHVEHVWZLWKVXUURXQGLQJUHJXODWRU\UHJLRQVDQGSDWKZD\VZLWKFOHDUa
prioriK\SRWKHVHVDERXWFDXVDOUHODWLRQVKLSVZLWKGLYHUVLILFDWLRQ7KH+HOLFRQLXV*HQRPH
&RQVRUWLXP/DPLFKKDQH\et al.(\UHVet al.HJFDQGLGDWHJHQHVIRU
adaptive traits or ‘key innovations’ in the case of adaptive radiation.:LWKWUDQVFULSWRPHDQG
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JHQRPHDVVHPEOLHVDFFXPXODWLQJUDSLGO\IRUPDQ\VSHFLHVDQGVZLIWSURJUHVVLQWKH
GHYHORSPHQWRIIXQFWLRQDODQQRWDWLRQWRROVLWVHHPVWKDWWKHWLPHLVQRZULJKWIRUPROHFXODU
RORJLVWVWRDFFHSWWKHFKDOOHQJHRIVWXG\LQJUDGLDWLRQVDVRSSRVHGWRVWXG\LQJSDLUVRU
VPDOOJURXSVRIGLYHUJLQJWD[DWKXVEXLOGLQJRQWKHRUHWLFDODGYDQFHVLQFRQQHFWLQJPLFUR
DQGPDFURHYROXWLRQDU\VWXGLHVPDGHLQUHFHQW\HDUV6DODPLQet al.6PDGMD	%XWOLQ
7KH0DULH&XULH63(&,$7,21QHWZRUN6HHKDXVHQet al.6LP}HVet al.
.RVWLNRYDet al.7KHUROHRIWUDQVSRVDEOHHOHPHQW7(G\QDPLFV%UDZDQGet
al.VWUXFWXUDOJHQRPLF)HXOQHUet al.DQGHSLJHQRPLFYDULDWLRQLQIXHOOLQJ
UDGLDWLRQVDOVRUHSUHVHQWKLJKO\SURPLVLQJDYHQXHVIRUIXWXUHUHVHDUFK:HORRNIRUZDUGWR
VHHLQJPDQ\H[FLWLQJQHZVWXGLHVRIUDGLDWLRQVWKDWVXFFHVVIXOO\EULGJHPLFURDQGPDFUR
HYROXWLRQDU\DSSURDFKHVLQWKHFRPLQJ\HDUV
$FNQRZOHGJHPHQWV
:HWKDQN3HWHU/LQGHU&ROLQ+XJKHV2YLGLX3DXQDQGPHPEHUVRI7KH61)6,1(5*,$
QVRUWLXPSURMHFW323&2518VLQJ32SXODWLRQJHQRPLFV3K\ORJHQHWLFVDQG&2PPXQLW\
HFRORJ\WRXQGHUVWDQG5DGLDWLRQVLQ1HRWURSLFDOPRXQWDLQVIRUKHOSIXOGLVFXVVLRQVDQGWZR
DQRQ\PRXVUHYLHZHUVIRULQVLJKWIXOFRPPHQWV7KLVZRUNZDVVXSSRUWHGE\JUDQW
&56,,BRIWKH6ZLVV1DWLRQDO6FLHQFH)RXQGDWLRQ61)WR160.DQG&/
WDDFFHVVLELOLW\
VHQWLDOIHDWXUHVRIDOOUHYLHZHGVWXGLHVDUHHQFORVHGDV6XSSRUWLQJ,QIRUPDWLRQ6,7DEOH
6DQGDOOUHIHUHQFHVDUHLQFOXGHGLQWKHUHIHUHQFHVHFWLRQRIWKHSDSHU
$XWKRU&RQWULEXWLRQV
0GO+&/DQG03FRQFHLYHGWKHVWXG\0GO+'1.&/DQG03DQDO\]HGOLWHUDWXUHGDWD
DQG0GO+DQG&/ZURWHWKHSDSHUZLWKLQSXWIURPDOOFRDXWKRUV
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%R[*HQRPLFDSSURDFKHVVXLWDEOHIRUVWXG\LQJHYROXWLRQDU\UDGLDWLRQV
1XFOHDUPLFURVDWHOOLWHV
1XFOHDUPLFURVDWHOOLWHPDUNHUVKDYHEHHQXWLOL]HGIRUVWXGLHVRISRSXODWLRQJHQHWLFGLYHUVLW\
DQG GLIIHUHQWLDWLRQ VLQFH WKH HDUO\ V -DUQH 	 /DJRGD  7KH VHTXHQFH UHJLRQV
IODQNLQJPLFURVDWHOOLWHVDUHRIWHQVXIILFLHQWO\FRQVHUYHG IRUGHVLJQLQJ3&5SULPHUV WKDWDUH
IXQFWLRQDO DFURVV UHODWHG VSHFLHV DQG VRPHWLPHV HYHQ DFURVV JHQHUD 6FKO|WWHUHU et al.
6WHLQNHOOQHUet al.%DUEDUiet al. WKXVPLFURVDWHOOLWHPDUNHUVKDYHEHHQ
XVHIXO IRU VWXGLHV RI VSHFLHV FRPSOH[HV DQG UDGLDWLRQV 7KLV LV H[HPSOLILHG E\  RI RXU
UHYLHZHGVWXGLHVWKDWXVHGPLFURVDWHOOLWHVDVPROHFXODUWRROVIRUVWXG\LQJUDGLDWLRQV7DEOH
7DEOH6'XHWRWKHLUFRPSOH[PXWDWLRQSDWWHUQVDQGDORZSRWHQWLDOIRUPXOWLSOH[LQJLH
PRGHUDWHFRVWHIILFLHQF\PDQ\PROHFXODUHFRORJLVWVFXUUHQWO\WHQGWRSUHIHURWKHUPHWKRGV
IRUVWXG\LQJUDGLDWLRQVEHORZ:HVXVSHFWWKDWPLFURVDWHOOLWHVZLOOFRQWLQXHWREHXVHIXOIRU
XQGHUVWDQGLQJ ILQHVFDOHSDWWHUQVRISRSXODWLRQVXEGLYLVLRQDQGRUYDULDWLRQ LQ UHSURGXFWLYH
VWUDWHJLHV LQ UDGLDWLQJ WD[DDQGJHQHUDOO\ LQVLWXDWLRQVZKHUH ORZVHTXHQFHSRO\PRUSKLVP
FDOOVIRUPDUNHUVZLWKKLJKPXWDWLRQUDWHV
$)/3
$PSOLILHG)UDJPHQW/HQJWK3RO\PRUSKLVP$)/39RVet al. LVD'1$ILQJHUSULQWLQJ
PHWKRG WKDW ZDV LQ IUHTXHQW XVH PDLQO\ Ln the 1990’s and early 2000’s. The presence / 
DEVHQFH SDWWHUQV LQ $)/3 DUH W\SLFDOO\ LQWHUSUHWHG DV GRPLQDQW PDUNHU LQIRUPDWLRQ 7KH
PHWKRGKDVEHHQXVHIXOIRUVWXG\LQJUDGLDWLRQVHJVL[RIRXUUHYLHZHGVWXGLHVXVHGLWDQG
KDV ODUJHO\EHHQUHSODFHGE\1*6EDVHGJHQRW\SLQJE\VHTXHQFLQJDSSURDFKHV LQ UHFHQW
\HDUVEHORZ
$PSOLFRQVHTXHQFLQJRIRUJDQHOODU'1$
$PSOLFRQVHTXHQFLQJRIRUJDQHOODULHPLWRFKRQGULDORUSODVWLG'1$KDVORQJEHHQSRSXODU
LQSKO\RJHRJUDSKLFDQGSK\ORJHQHWLFVWXGLHV=KDQJ	+HZLWWPDLQO\EHFDXVHRIWKH
HDVHRIGLVFRYHULQJDQGGHWHFWLQJSRO\PRUSKLVPLQRUJDQHOODUJHQRPHV%HFDXVHRUJDQHOODU
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JHQRPHV RIIHU ERWK FRQVHUYHG UHJLRQV IRU 3&5SULPHU GHVLJQ DQG YDULDEOH UHJLRQV WR EH
XVHGDVPDUNHUV WKH\FRQWLQXH WREHXVHG IRU ELRJHRJUDSKLFDQG'1$EDUFRGLQJVWXGLHV
+HEHUWet al.&ROOLQV	&UXLFNVKDQN7KHDGYDQWDJHVRIRUJDQHOODUPDUNHUVOLH
LQWKHLU IDFLOHGHWHFWLRQDFURVVODUJHHYROXWLRQDU\GLVWDQFHV WKHKDSORLG VLPSOHQDWXUHRI
WKHLU VHTXHQFH GDWD DQG WKHLU JHQHUDOO\ PDWHUQDO PRGH RI LQKHULWDQFH ZKLFK SURYLGHV
LQIRUPDWLRQRQWKHGLVSHUVDOELRORJ\RIPDWHUQDOOLQHDJHVHJVHHGGLVSHUVDOLQWKHFDVHRI
IORZHULQJSODQWV7KHLUPDLQGLVDGYDQWDJHOLHVLQWKHIDFWWKDWLQJHQHUDORQO\DVLQJOHQRQ
UHFRPELQLQJORFXVLVDQDO\]HG6L[W\RIRXUUHYLHZHGVWXGLHVXVHGRUJDQHOODUPDUNHUVZKLFK
DWWHVWVWRWKHLUSRSXODULW\ LQPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQV7ZHQW\RI WKHVHUHOLHG
RQRUJDQHOODUJHQRPHV LQ WKHFRPSOHWHDEVHQFHRIQXFOHDUJHQRPLFGDWD:HSUHGLFW WKDW
RUJDQHOODU PDUNHUV ZLOO FRQWLQXH WR EH XVHIXO LQ VWXGLHV RI UDGLDWLRQV LQ FRQMXQFWLRQ ZLWK
QXFOHDUPDUNHUVHVSHFLDOO\IRUXQGHUVWDQGLQJWKHGLVSHUVDOELRORJ\RIUDGLDWLQJVSHFLHV
$PSOLFRQVHTXHQFLQJRIVHOHFWHGQXFOHDUJHQHV
$PSOLFRQ VHTXHQFLQJ RI QXFOHDU JHQHV KDV JDLQHG UDSLGO\ LQ SRSXODULW\ LQ UHFHQW \HDUV
EHFDXVH RI LWV REYLRXV DGYDQWDJHV HJ JDLQLQJ DFFHVV WR ELSDUHQWDOO\ LQKHULWHG QXFOHDU
JHQRPLF LQIRUPDWLRQ DFURVV PXOWLSOH VSHFLHV DW UHDVRQDEOH FRVW $PSOLFRQ VHTXHQFLQJ RI
QXFOHDU'1$ZDVJUHDWO\ IDFLOLWDWHGE\ WKHDELOLW\ WRGHWHFWRUWKRORJRXVVLQJOHRU ORZFRS\
QXFOHDU JHQHV LQ FRPSDUDWLYH JHQRPLF GDWDEDVHV HJ'XDUWH et al.  DQG WKH UDSLG
GHYHORSPHQWRIWKHDQDO\WLFDOWRROER[DYDLODEOHIRUDQDO\]LQJVHTXHQFHGDWD1LHOVHQ
LQFOXGLQJUDSLGKDSORW\SHSKDVLQJ,QIDFWRIRXUUHYLHZHGVWXGLHVPDGHXVHRIDPSOLFRQ
VHTXHQFLQJ RI QXFOHDU ORFL W\SLFDOO\ XVLQJ WKH FODVVLFDO 6DQJHUPHWKRG:H VXVSHFW WKDW
DPSOLFRQ VHTXHQFLQJ RI QXFOHDU JHQHV ZLOO FRQWLQXH WR EH XVHIXO IRU PHGLXPWKURXJKSXW
VWXGLHVRI UDGLDWLRQVHVSHFLDOO\ LIFDUULHGRXWXVLQJFRVWHIIHFWLYHVHTXHQFLQJWHFKQRORJLHV
,Q WKLV FRQWH[WDQDGYDQWDJHRIDPSOLFRQVHTXHQFLQJFRPSDUHG WR WDUJHWHG UHVHTXHQFLQJ
EHORZ LV LWV JUHDWHU DELOLW\ WR UHFRYHU KRPRORJRXV VHTXHQFH LQIRUPDWLRQ LQ WKH IDFH RI
WLDORUZKROHJHQRPHGXSOLFDWLRQV
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1*6JHQRW\SLQJXVLQJ*%6RU5$'VHTDSSURDFKHV
*HQRW\SLQJ E\ VHTXHQFLQJ DSSURDFKHV EDVHG RQ VHFRQG RU ODWHU JHQHUDWLRQ VHTXHQFLQJ
WHFKQRORJLHVDUHUDSLGO\LQFUHDVLQJLQSRSXODULW\LQVWXGLHVRIUDGLDWLRQVDVH[HPSOLILHGE\
UHFHQWVWXGLHVLQRXUUHYLHZGDWDEDVHRIVWXGLHVWKDWXVHGWKHP7DEOH7DEOH6
7\SLFDOSURWRFROVLQFOXGH5HVWULFWLRQVLWH$VVRFLDWHG'1$VHTXHQFLQJ5$'VHT%DLUGet al.
 *HQRW\SLQJ E\ 6HTXHQFLQJ *%6 (OVKLUH et al.  3DUFKPDQ et al.  RU
GRXEOHGLJHVW5$'VHTXHQFLQJ GG5$'VHT3HWHUVRQet al.$OORI WKHVH LQYROYH WKH
LGHD RI UHGXFLQJ WKH FRPSOH[LW\ RI VHTXHQFLQJ WHPSODWHV E\ UHVWULFWLRQ GLJHVWLRQ YDQ
2UVRXZ et al.  IROORZHG E\ GLIIHUHQW VHOHFWLRQ VWHSV DQG WKH DGGLWLRQ RI EDUFRGLQJ
PROHFXOHV WR DOORZ PXOWLSOH[LQJ RQ KLJKWKURXJKSXW HJ ,OOXPLQD VHTXHQFLQJ SODWIRUPV
5$'VHTDSSURDFKHVFRQWDLQVKHDULQJDQGVL]HVHOHFWLRQVWHSVQRWSUHVHQWLQ*%6'DYH\
et al.  DQG GG5$'VHT ZDV HVSHFLDOO\ GHVLJQHG WR DFKLHYHPRUH HYHQ VHTXHQFLQJ
FRYHUDJHDFURVV LQGLYLGXDOVDQGJHQRPHV3HWHUVRQet al.7KHJHQHUDODGYDQWDJHV
DQGGLVDGYDQWDJHVRIWKHVHDSSURDFKHVKDYHEHHQGLVFXVVHGHOVHZKHUHHJ'DYH\et al.
3HWHUVRQet al. 3XULW]et al.  ,Q WKH FRQWH[W RI VWXGLHVRI UDGLDWLRQVZH
H[SHFW WKDW5$' DQG*%6PHWKRGVZLOO FRQWLQXH WR EH XVHIXO LQ WKH FRPLQJ \HDUV 7KHLU
SRWHQWLDOLVJUHDWHVWIRUFRPSOH[HVRIFORVHO\UHODWHGWD[DZKHUHVHTXHQFHGLYHUJHQFHLVVWLOO
ORZHQRXJKWRDOORZUHOLDEOHDOLJQPHQWGXULQJde novoclustering (“stack building”) or during 
PDSSLQJRIVHTXHQFHUHDGVDJDLQVWUHIHUHQFHJHQRPHV7KLVLVLPSRUWDQWEHFDXVHERWKde 
novo FOXVWHULQJ DQG UHIHUHQFHPDSSLQJ UHTXLUH WKH GHILQLWLRQ RI VHTXHQFH PLVPDWFK
WKUHVKROGV HJFULWHULRQRUPD[LPXPRIPLVPDWFKHV WRPD[LPL]H WKHFKDQFH WKDW
VLPLODU VHTXHQFH UHDGVREWDLQHG IURPGLIIHUHQWSRSXODWLRQVDQGVSHFLHVDUH LQGHHGDOOHOLF
LH WKDW WKH\ DUH RUWKRORJRXV UDWKHU WKDQ SDUDORJRXV VHH'DYH\ et al.  /H[HUet al.
:LWK WKHVH FDYHDWV LQPLQG 5$' DQG*%6 DSSURDFKHV UHSUHVHQW KLJKO\ YDOXDEOH
VRXUFHV RIPDQ\ WKRXVDQGV RI FRGRPLQDQW VHTXHQFHEDVHG JHQHWLFPDUNHUV IRU VWXG\LQJ
UDGLDWLRQVZLWKJRRGSRWHQWLDOWRWDUJHWJHQHULFKJHQRPHUHJLRQVE\FKRRVLQJPHWK\ODWLRQ
VHQVLWLYHUHVWULFWLRQHQGRQXFOHDVHV
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:KROHJHQRPHVHTXHQFLQJ:*6
&XUUHQWO\ DYDLODEOH VHTXHQFLQJ WHFKQRORJLHV PDNH LW IHDVLEOH WR VWXG\ WKH JHQRPHV RI
UDGLDWLQJWD[DE\UHVHTXHQFLQJRIHQWLUHJHQRPHVDWORZFRYHUDJHW\SLFDOO\[$WWKH
SUHVHQW WLPH WKLV LVPRVWFRPPRQO\GRQHZLWKLQ ODUJHUUHVHDUFKSURMHFWVRUFRQVRUWLD7KH
+HOLFRQLXV *HQRPH &RQVRUWLXP  %UDZDQG et al.  /DPLFKKDQH\ et al. 
(OOHJUHQ1RYLNRYDet al.1HYHUWKHOHVV:*6VWXGLHVRIUDGLDWLQJWD[DDUHDOVR
HQWLUHO\IHDVLEOHIRUVPDOOHUUHVHDUFKJURXSVDQGDUHQRZZLWKLQUHDFKIRUPROHFXODUHFRORJ\
VWXGLHV RI UDGLDWLRQV LQ PDQ\ JURXSV RI DQLPDOV DQG SODQWV DV ORQJ DV DQ DVVHPEOHG
UHIHUHQFH JHQRPH LV DYDLODEOH LQ WKH VDPH IDPLO\ RU SUHIHUDEO\ WKH VDPH JHQXV )RU
H[DPSOHDEDFNRIWKHHQYHORSHFDOFXODWLRQVKRZV WKDW IRUDQRUJDQLVPZLWKDJHQRPHRI
PHJDEDVHV0%LQGLYLGXDOVFDQEHLQGLYLGXDOO\VHTXHQFHGDW![FRYHUDJHE\
FXUUHQWVHFRQGJHQHUDWLRQVHTXHQFLQJWHFKQRORJLHVHJ,OOXPLQD+L6HTIRUWKHHTXLYDOHQW
RI86GROODUVRUOHVV7KXV:*6VWXGLHVRIUDGLDWLRQVDUHSULPDULO\OLPLWHGE\
the availability of suitable biological samples to represent the ‘genomic substrate’ present in 
WKHWDUJHWUDGLDWLRQDQGWKHQHFHVVDU\FRPSXWDWLRQDOVNLOOVIRUDQDO\]LQJWKHGDWDUDWKHUWKDQ
WKHDFWXDOVHTXHQFLQJVWHS7KHUHLVJUHDWSRWHQWLDOWRIXUWKHULQFUHDVHVDPSOHVL]HVLQ:*6
VWXGLHVRIUDGLDWLRQVE\VHTXHQFLQJDQGDQDO\]LQJSRROVRI'1$ZLWKHDFKSRROFRQVLVWLQJRI
PDQ\ LQGLYLGXDOV IURP SDUWLFXODU SRSXODWLRQV ORFDOLW\ RU WD[D 6FKO|WWHUHU et al.  ,Q
HIIHFW ZH VXVSHFW WKDW :*6 ZLOO LQFUHDVLQJO\ UHSODFH VRFDOOHG JHQRPH VNLPPLQJ
DSSURDFKHVRIWHQXVHGLQV\VWHPDWLFELRORJ\YHU\ORZFRYHUDJHVHTXHQFLQJ\LHOGLQJPDLQO\
SODVWLGPLWRFKRQGULDO DQG ULERVRPDO '1$ GDWD 6WUDXE et al.  DV VHTXHQFLQJ FRVWV
GHFUHDVHIXUWKHUDQGPRUHQXFOHDUUHIHUHQFHJHQRPHDVVHPEOLHVEHFRPHDYDLODEOH7KXV
ZH H[SHFW WKDW ORZFRYHUDJH :*6 RI SRSXODWLRQV DQG VSHFLHV ZLOO UDSLGO\ EHFRPH WKH
QFKPDUNRISRSXODWLRQJHQHWLFDQGPROHFXODUHFRORJ\VWXGLHVRIUDGLDWLRQV
7DUJHWHGUHVHTXHQFLQJ
Targeted resequencing or ‘sequence capture’ is an increasingly popular approach of partial 
JHQRPLF UHVHTXHQFLQJ ,WVPDLQ UDWLRQDOH LV WR IRFXVVHTXHQFLQJHIIRUWVRQDPDQDJHDEOH
number of genome regions of interest (e.g. ‘exome capture’ or resequencing of specific loci), 
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UDWKHU WKDQ WKH HQWLUH JHQRPH $SSURDFKHV IRU VHTXHQFH FDSWXUH KDYH EHHQ LQ SODFH IRU
VHYHUDO \HDUV QRZ DQG FXUUHQWO\ XVHG PHWKRGV HLWKHU LQ VROXWLRQ RU RQ DUUD\V JUHDWO\
RXWSHUIRUPFRQYHQWLRQDO3&5DPSOLFRQVHTXHQFLQJ LQ WHUPVRI WKURXJKSXWHIILFLHQF\DQG
SUDFWLFDELOLW\ 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